I. INTRODUCTION ell tracking using magnetic resonance imaging (MRI)
is one of the methods to visualize carcinomatosis or pathology study in living animals. Since native cells are not detectable by MRI, it is necessary to label cells with contrast agent for cellular imaging. The most popular agents for MR cell tracking are superparamagnetic iron oxides (SPIOs) [1] . At present, the most widely used method of loading magnetic nanoparticles into cells is by coating the iron oxides with polycations, facilitating particles binding to anionic cell membranes, followed by internalization of the iron oxides complexes with electrostatic forces.
However, cells must be incubated or cultured for extended time periods (from a few hours to several days).
Electroporation has been recently proposed and demonstrated for magnetic labeling [2] ; Electroporation uses high voltage electrical pulses to make cell membranes transiently permeable permitting cellular uptake of foreign macro-molecules. Because its lack of target specificity and safety concerns, electroporation has limited applications in vivo.
Sonoporation, which uses ultrasonic waves instead of electrical pulses, can transiently enhance the permeability of cell membranes, facilitating the flux of foreign macromolecules into cells [3] [4] [5] [6] . Furthermore, it has been demonstrated that ultrasound assisted by encapsulated microbubbles could make cell membrances temporarily "open", delivery drugs into cells through acoustic cavitation.
The ultrasound technique associated with this process is often called sonporation [7] . Furthermore, sonoporation, in contrast with electroporation, is relatively safe and can be focused to a specific location as desired.
In this study, we hypothesize that sonoporation can facilitate the intracellular loading of SPIOs. An experimental study for cell suspensions has been performed to observe changes in cells during sonoporation in presence of SPIOs. Labeling efficiency and viability were also evaluated.
C II. METHODOLOGY

A. Preparation of SPIOs
Superparmagnetic iron oxides (SPIOs) colloid suspension was prepared with a slightly modified Massart method [8, 9] .
A mixture of 15 mL 0.8 M FeCl 3 solution and 10 mL 0.8 M 
B. Ascites S1 80 Tumor Cells Preparation
ICR mice (18-22 g) were injected with 0.1 mL of tumor cells (S180 cell line, 1×10 7 cells·mL -1 ). The ascites cells were aspirated from the abdomen of such tumor-bearing mouse at 7-10 days post S180 inoculation and harvested by centrifugation (1500 rpm, 5min). The harvested cells were washed twice using normal saline, then, resuspended in normal saline at 1-5×10 6 cells·mL -1 for further use. Before treatment, the cell viability was checked by trypan blue dye exclusion in a hematocytometer to ensure that cell viability was over 98%.
C. Ultrasound Exposure and Sonoporation Labeling
Cells which suspended in phosphate-buffered saline (PBS) at a density of 1-5×10 6 cells·mL -1 were placed into a sterile 1 mL polystyrene round-bottom tube and randomly divided into six groups. The sample tubes were fitted into a water bath (4 °C). SPIOs were added at a range of 22.3-66.80 μg Fe/mL.
Optimization studies of ultrasound exposure were first performed to determine the various physical parameters, such as acoustic transmitted frequency, ultrasound exposure duration, and ultrasound intensity. Note that cell membrane poration induced by ultrasound exposure has been studied in gene transfer and drug delivery [6, 7] . In those studies, the probe which transmitted frequency in 1-2 MHz with intensity less than 3 W·cm -2 were widely used.
In this study, cells were sonoporated using a system shown in Fig. 1 [10] . Experiments were performed to determine the effects of 
D. Evaluation of Labeling Efficiency
SPIO uptake by S180 cells following sonoporation was evaluated by Prussian blue staining. Presence of SPIOs in cytoplasm was confirmed by dense blue staining.
E. Cellular Viability
After ultrasound exposed, cells were incubated at 37 °C for 10 min, Trypan blue staining was employed to assess the viability of the cells labeled with SPIOs.
III. EXPERIMENT RESULTS
A. The Physical and Magnetic Properties of SPIOs Nanoparitcle Prepared in Our Laboratory
The main characteristics of SPIO nanoparticles were assessed by x-ray diffractogram (Fig.2) ; magnetic hysteresis loops ( Fig.3 ) and size distribution (Fig.4) .
The formation of Fe 3 O 4 crystal in SPIO nanoparticles was confirmed by x-ray diffraction analysis (Fig.1) . 20 mL extraction of SPIOs suspension were air dried, and analyzed with X-ray diffraction technique (Model Rigaku D/MAX-III, Japan). The X-ray diffraction spectra were taken for 2θ angles from 10° to 80° at a scan rate of 0.02 °/min nanoparticles is almost a coherent curve. This indicates that the SPIO nanoparticles are soft magnetic materials, with high magnetic conductance rate, low residual magnetism, low coercive force, and low reluctivity [11] .
Equivalently, SPIOs are superparamagnetic materials. In other words, the SPIO nanoparticles can response sensitively to a quickly changing external magnetic field. Fig.4 shows the size distribution of the iron core. The average diameter of magnetic particles was 63.9 nm.
B. Cell Labeling Effect
SPIOs concentration in cell suspension was 22.27 µg·mL -1 , During 10 min of cell incubation at 37 °C, 1.43
MHz continuous wave with power intensity of 2.0W·cm -2 was applied for 30 s. The S180 cells stained with Prussian blue in Fig. 5 demonstrate the uptake of SPIO particles as a result of sonoporation treatment. Note that SPIO particles are visible as blue iron deposits (Fig.5a ). We also found that no cell could be labeled if incubating time was less than 30 min and cells were not treated with sonoporation. 
IV. DISCUSSION
The preliminary results of this study demonstrate that sonoporation is a powerful tool, potentially capable of labeling cells with nanoparticles for in vivo MRI.
Sonoporation procedure is rapid (with the total procedure lasting for about 15 min), and can be spatially selective if necessary via focused ultrasound. The method should be widely applicable as sonoporation instrument is ubiquitous in most laboratories. Sonoporation is a physical method, in which an ultrasound field is applied. This allows for direct and instant loading of SPIO nanoparticles into cells.
However, several issues remain to be addressed in future studies, such as optimal SPIO concentration and ultrasound exposure conditions, as well as direct observation of the pores induced in cell membrane during sonoporation.
